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An  earlier  comprehensive  interim  technical  report  was  submitted  to 
cover  the  period  from  September  10,1984  to  June  5,  1986. 

During  the  period  covered  by  this  report,  six  plenary  meetings  of  the 
Chemistry  Research-evaluation  Panel  for  the  Air  Force  Office  of  Scientific 
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that  meeting,  and  relative  rankings  for  scientific  quality  were  determined. 

An  interim  technical  report  specifying  that  rank-order  (including 
atmospheric-science  proposals)  has  been  submitted  and  is  appended  as 
Appendix  I.  The  seventieth  chemistry  research-evaluation  meeting  for  the 
Air  Force  Office  of  Scientific  Research  was  held  at  Baltimore,  Maryland  on 
May  9  and  10,  1985;  sixty-one  proposals  were  considered  at  that  meeting, 
and  relative  rankings  for  scientific  quality  were  determined.  An  interim 
technical  report  specifying  that  rank-order  (including  atmospheric-science 
proposals)  has  been  submitted  and  is  appended  as  Appendix  II.  The  seventy- 
first  chemistry  research-evaluation  meeting  for  the  Air  Force  Office  of 
Scientific  Research  was  held  at  Galveston,  Texas  on  November  14  and  15, 

1985;  sixty-three  proposals  were  considered  at  that  meeting,  and  relative 
rankings  for  scientific  quality  were  determined.  An  interim  technical 
report  specifying  that  rank-order  (including  atmospheric-science  proposals) 
has  been  submitted  and  is  appended  as  Appendix  III.  The  seventy-second 
chemistry  research-evaluation  meeting  for  the  Air  Force  Office  of 

release ■ 

87  i  -  "•  Q&g* 


-  for  public  release. 

^uUoaunU.^'1 


-2- 


Scientific  Research  was  held  at  Alexandria,  Virginia  on  May  15  and  16, 
1986?  fifty-eight  proposals  'were  considered  at  that  meeting,  and  relative 
rankings  for  scientific  quality  were  determined.  An  interim  technical 
report  specifying  that  rank-order  (including  atmospheric-science  proposals) 
has  been  submitted  and  is  appended  as  Appendix  IV.  The  seventy-third 
research-evaluation  meeting  was  held  at  The  U.S.  Air  Force  Academy, 

Colorado  on  November  13  and  14,  1986;  thirty-three  proposals  were 
considered  at  that  meeting,  and  relative  rankings  for  scientific  quality 
were  determined.  An  interim  technical  report  specifying  that  rank-order 
(including  atmospheric-science  proposals)  has  been  submitted  and  is 
appended  as  Appendix  V.  The  seventy-fourth  chemistry  research-evaluation 
meeting  was  held  at  Georgetown  University  on  May  14  and  15,  1987;  thirty- 
nine  proposals  were  considered  at  that  meeting,  and  relative  rankings  for 
scientific  quality  were  determined.  An  interim  technical  report  has  been 
submitted  and  is  appended  as  Appendix  VI.  During  the  period  of  this 
report,  a  total  of  two  hundred  and  ninety-four  proposals  in  the  chemical 
and  atmospheric  sciences  were  evaluated  and  ranked. 

Panels  of  evaluators  were  provided  for  contractors'  meetings  that 
dealt  with  specific  portions  of  the  on-going  Air  Force  Office  of  Scientific 
Research  chemistry  research  program.  These  meetings  were  held  in 
Albuquerque,  New  Mexico  in  October,  1984?  in  Dayton,  Ohio  in  November,  1985 
and  in  Bedford,  Massachusetts  in  October,  1986.  Reports  covering  each  of 
these  meetings  have  been  submitted. 
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Persons  who  have  served  as  members  of  Chemistry  and  atmospheric- 
science  evaluation  panels  during  this  period  include: 


Professor  Claude  F.  Bemasconi 
Department  of  Chemistry 
The  University  of  California 
Santa  Cruz,  California  95064 

Dr.  Enrico  dementi 

IBM  Fellow 

IBM  Corporation, 

Kingston,  New  York  12401 

Professor  Joyce  Y.  Corey 
Department  of  Chemistry 
The  University  of  Utah 
Salt  Lake  City,  Utah  84112 

Dr.  Joseph  E.  Demuth 

Thomas  J.  Watson  Research  Genter 

IBM  Corporation 

Yorktown  Heights,  New  York  10598 

Dr.  Jimmie  D.  Doll 
Department  of  Chemistry 
Los  Alamos  National  Laboratory 
Los  Alamos,  New  Mexico  87545 

Professor  Dennis  H.  Evans 
Department  of  Chemistry 
The  University  of  Wisconsin 
Madison,  Wisconsin  53706 

Dr.  George  S.  Hamnond 
Director 

Integrated  Chemical  Systems 
Laboratory 

Allied-Signal  Corporation 
Morristown,  New  Jersey  07960 

Professor  William  B.  Hanson 
Director 

Center  for  Space  Sciences 
The  University  of  Texas,  Dellas 
Richardson,  Texas  75080 

Professor  H.  James  Harwood 
Chairman 

Institute  of  Polymer  Science 
University  of  Akron 
Akron,  Ohio  44325 


Professor  James  Holton 
Department  of  Atmospheric  Science 
The  University  of  Washington 
Seattle,  Washington  98195 

J.  J.  Lagowski 

Piper  Professor  of  Chemistry 
The  University  of  Texas 
Austin,  Texas  78712 

Professor  Donald  Levy 
Chairman,  Department  of  Chemistry 
The  University  of  Chicago 
Chicago,  Illinois  60637 

Professor  Robert  J.  Madix 
Department  of  Chemical  Engineering 
Stanford  University 
Stanford,  California  93405 

Professor  C.  Bradley  Moore 
Chairman,  Department  of  Chemistry 
The  University  of  California 
Berkeley,  California  94720 

Professor  Royce  W.  Murray 
Department  of  Chemistry 
The  University  of  North  Carolina 
Chapel  Hill,  North  Carolina  27514 

Professor  Robert  Silbey 
Department  of  Chemistry 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  02139 

Professor  William  C.  Stwalley 
Department  of  Chemistry 
The  University  of  Iowa 
Iowa  City,  Icwa  52242 

Professor  Richard  P.  van  Duyne 
Department  of  Ovemistry 
Northwestern  University 
Evanston,  Illinois  60201 

Dr.  Field  H.  Winslow 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  Hill,  New  Jersey  07974 
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Teams  of  evaluators  were  provided  on  several  occasions  to  evaluate 
portions  of  the  research  program  of  the  Air  Force  Office  of  Scientific 
Research.  Teams  evaluated  contractors’  meetings  in  the  field  of  chemical 
dynamics  held  in  the  Fall  of  each  of  the  three  years  covered  by  the 
contract;  in  October,  1984  in  Albuquerque,  New  Mexico,  in  November,  1985  in 
Dayton,  Ohio  and  in  November,  1986  in  Concord,  Massachusetts.  Interim 
technical  reports  have  been  submitted  to  cover  these  activities. 

A  special  research-evaluation  panel  was  constituted  for  the  purpose  of 
advising  the  Director  of  Chemical  Sciences,  Air  Force  Office  of  Scientific 
Research,  and  other  appropriate  Air  Force  officers  and  civilian  scientific 
officers  concerning  a  program  in  high-energy-density  rraterials  being 
conducted  by  the  Air  Force  Rocket  Propulsion  Laboratory.  TWo  meetings  were 
organized  at  which  contractors  and  prospective  contractors  presented 
discussions  of  their  scientific  work,  one  in  Washington,  DC,  March  20-21, 
1986  and  on  in  Rossyln,  Va.  on  May  12  and  13,  1987.  In  connection  with  each 
of  these  contractor's  meetings,  and  also  in  Lancaster,  California  on  May  17 
and  28,  1986  and  at  The  U.S.  Air  Force  Academy,  Colorado  on  November  12  and 
13,  1986  meetings  of  the  high-energy-density-materials  research-eveluation 
panel  were  held  to  consider  proposals  and  to  provide  other  evaluation  of 
the  high-energy-density  program.  A  total  of  fifty-seven  proposals  was 
considered  at  these  three  meetings,  and  relative  rankings  for  scientific 
quality  were  determined.  Reports  were  submitted  to  cover  these  activities. 
An  evaluation  team  was  constituted  to  evaluate  certain  research  being 
carried  out  at  the  California  Institute  of  Technology.  A  report  of  findings 
of  that  evaluation  was  submitted.  (Appendix  VII) 
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Persons  who  have  been  members  of  the  high-energy-density  materials 
panel  are: 


Professor  Charles  F.  Bender 
Advanced  Computational  Methods  Center 
The  University  of  Georgia 
Athens,  Georgia  30602 

Professor  William  Happer 
Department  of  Physics 
Princeton  Uhiversity 
Princeton,  New  Jersey  08544 

Professor  M.  Frederick  Hawthorne 
Department  of  Chemistry 
The  University  of  California 
Los  Angeles,  California  90024 


Dr.  Marilyn  E.  Jacox 
Molecular  Spectroscopy  Division 
The  National  Bureau  of  Standards 
Gaithersburg,  Maryland  20899 

Lewis  H.  Nosanow 
Vice  Chancellor  for  Research 
The  University  of  California 
Irvine,  California  92717 

Professor  Isaac  F.  Silvera 
Lyman  Laboratory  of  Physics 
Harvard  Uhiversity 
Cambridge,  Massachusetts  02138 


Dr.  Ronald  R.  Hem 

The  Aerospace  Corporation 

Los  Angeles,  California  90009 


Submitted  by. 


Professor  William  C.  Stwalley 
Iowa  Laser  Facility 
The  University  of  Iowa 
Iowa  City,  10^52242 


E.  Earley 
fipar  Investigator 
October  26,  1987 
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Georgetown  University 
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Principal  Investigator 
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Houston 
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B 

52 
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34 
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C 

61 
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Joseph  E.  Earley 
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SUBJ:  Trip  Report  for  Visit  to  the  California  Institute  of  Technology  (Cal 
Tech)  on  14  Jul  87 

TO:  CX 

CC/CV/CA 
IN  TURN 


1.  Abstract.  On  14  Jul  87,  Lt  Valter  Lauderdale  visited  Prof  Aron 
Kuppermann  at  the  California  Institute  of  Technology.  Accompanying 
him  on  this  visit  were  Dr  Villiam  Stvalley  and  Dr  Ron  Herm,  chairman 
and  member  of  the  High  Energy  Density  Matter  (HEDM)  technical 
evaluation  panel,  respectively.  The  purpose  of  this  visit  was  to 
evaluate  the  technical  progress  and  future  plans  of  contract 
F04611-86-K-0076,  "Experimental  Studies  of  the  Properties  of 
Trihydrogen  and  Tetrahydrogen".  The  evaluation  was  prompted  by  three 
factors:  1)  the  seeming  lack  of  progress  in  the  project,  2)  the  high 
cost  of  the  overall  contract,  and  3)  FY88  budget  constraints. 

2.  Background.  On  the  morning  of  14  Jul  87,  prior  to  the  meeting 
with  Prof  Kuppermann,  Lt  Lauderdale  met  with  Dr  Herm  and  Dr  Stvalley 
to  discuss  the  history  of  Prof  Kuppermann' s  work  for  the  AFAL. 

Copies  of  all  progress  reports  and  the  technical  portion  of  the 
original  proposals,  along  vith  the  program  plans  vere  sent  to  them 
earlier.  Prof  Kuppermann' s  first  contract  to  the  AFAL  vas  awarded  in 
response  to  the  original  tetrahydrogen  PRDA.  This  project  set 
ambitious  goals  of  performing  H3*  +  HI  crossed  beam  experiments  to 
determine  the  possible  existence  of  H4.  During  the  course  of  the 
project,  numerous  setbacks  occurred  due  to  a  large  attenuation  of  the 
H3  beam  intensity  when  the  source  vas  mated  to  the  crossed  beam 
chamber.  The  final  result  of  the  original  contract  vas  a  redesigned 
H3  source  and  increased  avareness  of  unforeseen  difficulties,  but  no 
conclusive  crossed  beam  experiments  vere  performed  (see  AFRPL-TR-86- 
103,  attached).  The  current  contract  is  a  continuation  of  this 
effort.  During  the  first  11  months  of  the  present  effort,  problems 
vith  H3  beam  intensity  have  continued  to  plague  the  research. 
Improvements  have  been  made  incrementally  and  systematically  over 
this  time  and  have  resulted  in  a  methodology  to  locate  and  center  the 
H3  beam.  This  provides  the  intensity,  but  it  is  still  3  orders  of 
magnitude  less  than  in  the  original  H3  beam  apparatus.  The  progress 
to  date  of  the  current  contract  is  summarized  in  the  attached 
quarterly  report.  This  report  vas  submitted  as  a  precursor  to  the 
on-site  evaluation.  Dr  Berm  and  Dr  Stvalley  vere  asked  to  assist  in 
the  evaluation  in  vlev  of  their  respective  backgrounds  in  molecular 
beams  and  in  their  role  as  members  of  the  HEDM  technical  evaluation 
panel. 


3.  Results.  Prof  Kuppermann  reviewed  his  vork  and  vas  asked 
questions  by  Or  Hern  and  Or  Stvalley  during  this  time.  A  summary  of 
this  discussion  is  detailed  follows. 

a.  The  H3  beam  source  is  initially  aligned  optically.  However, 
when  the  arc  discharge  is  started,  the  H3  beam  does  not  follow  the 
optical  axis.  Therefore,  the  beam  never  appears  at  the  detector 
because  it  never  passes  through  the  slit  aperture  downstream.  The 
beam  was  found  by  using  a  larger  slit,  but  a  larger  slit  leads  to 
poor  collimation  of  the  beam  and  a  low  intensity  in  the  crossed  beam 
interaction  region.  The  solution  has  been  to  use  a  diaphragm  slit 
which  can  be  opened  vide  (12  mm)  to  allow  location  of  the  beam.  The 
entire  source  and  support  structure  is  then  physically  rotated  around 
an  axis  which  passes  through  the  arc  discharge  port.  Thi3  then 
brings  the  beam  into  the  center  of  the  diaphragm  and  the  diaphragm  is 
then  closed  down  to  the  operating  diameter  (2  mm). 

b.  This  final  solution  has  consumed  the  better  part  of  two  years 
(over  both  contracts).  The  reasons  for  this  has  been  that  Prof 
Kuppermann  is  developing  a  technology  that  is  available  nowhere  else. 
Vhile  H3  has  been  made  and  characterized  by  several  groups,  no  other 
group  has  a  source  of  any  metastable  which  is  as  intense  as 
Kuppermann' s  (in  the  original  H3  beam  configuration).  Many  different 
variables  have  had  a  drastic  affect  on  beam  intensity  and  alignment. 
These  include,  but  it  not  limited  to,  the  pressure  of  the  H3  arc 
source  cooling  water,  the  grade  of  titanium  metal  used  for  the  anode 
and  cathode  of  the  arc  discharge,  and  the  intensity  of  the  background 
light  emitted  from  the  arc  discharge  (reflected  in  the  current 
solutions  to  avoid  the  light  problem  within  the  detector).  The 
affect  of  these  variables,  for  the  most  part,  were  unforeseeable. 
Also,  since  this  is  a  unique  arc  source,  the  problems  could  only  be 
discovered  after  many  runs  and  an  examination  of  the  empirical 
evidence.  These  were  in  addition  to  the  normal  operating  parameters 
of  the  experiment  such  as  slit  width,  skimmer  distance,  H2 

back  pressure,  discharge  voltage,  downstream  pressure,  and  all 
aperture  widths,  to  name  a  few. 

c.  The  collimation  requirement  for  the  beam  is  quite  stringent. 
This  is  because  the  angular  region  of  interest  for  the  scattering 
experiments  is  within  several  degrees  of  the  peak  in  the  H3  beam 
intensity.  If  the  beam  is  not  well  collimated,  then  its  signal  will 
mask  the  signal  from  the  scattered  products  of  the  crossed  beams. 
Closing  the  aperture  to  achieve  good  collimation,  however,  is  useless 
i$  the  beam  does  not  pass  through  the  resulting  slit.  This 
demonstrates  how  crucial  the  alignment  is  in  this  experiment.  In 
addition,  there  are  still  some  questions  that  should  be  answered 
about  the  H3  beam  source  itself.  All  of  the  issues  are  to  be 
addressed  in  the  H3  phase  of  the  contract,  which  is  scheduled  to 
start  upon  completion  of  the  HA  work. 

4.  Conclusions.  Taking  into  consideration  all  the  results  and  the 
discussions  with  Dr  Herm  and  Dr ’Stvalley,  conclusions  aret 


a.  The  H3  beam  source  still  requires  characterization  and 
refinement  independent  of  the  H4  experiment. 

b.  In  retrospect,  the  HEDH  panel  and  the  AFAL  eade  a  mistake  in 
having  Prof  Kuppermann  do  the  B4  work  before  the  H3  work,  which  is 
reversed  from  the  proposal.  Prof  Kuppermann  made  a  mistake  in 
agreeing  to  the  change.  Many  of  the  problems  he  has  run  into  may 
have  been  solved  in  the  H3  work.  Doing  the  B4  work  first,  however, 
made  sense  at  the  initiation  of  the  contract  because  B4  was  a  highly 
visible  part  of  the  ARIES  program. 

c.  The  current  crossed  beam  chamber  is  antiquated.  Its  use 
forces  a  long  B3  beam  path  and  attenuates  the  intensity  greatly 
(intensity  is  proportional  to  l/rz).  Also,  other  detection  methods 
which  are  more  sensitive  are  too  large  to  fit  within  the  chamber, 
also  affecting  intensity  measurements. 

d.  Given  the  current  laboratory  apparatus,  Dr  Stwalley  and  Dr 
Berm  felt  that  Prof  Kuppermann' s  approach  to  the  problems  has  been 
acceptable. 

e.  Dr  Berm  and  Dr  Stwalley  believe  that  conclusive  crossed  beam 
results  will  not  occur  for  at  least  six  months.  They  also  feel  that 
the  B4  work  should  be  given  no  more  than  12  months  more  effort. 

f.  Dr  Berm  and  Or  Stwalley  both  emphasize  that  Prof  Kuppermann' s 
work  is  at  a  level  more  basic  than  fundamental  research.  The 
technology  of  the  intense  metastable  B3  beam  is  important 
scientifically.  By  the  very  nature  of  its  development,  it  is 
difficult  to  predict  all  the  problems  to  be  surmounted. 

g.  Dr  Berm  and  Dr  Stwalley  believe  that  a  well  characterized  H3* 
source  is  a  very  valuable  asset  to  the  ARIES  program's  search  for 
new,  novel  energetic  species.  B3*  is  a  very  energetic  reactant  which 
could  be  combined  with  other  species  to  yield  a  new,  high  energy 
density  molecule. 

5.  Recommenda t ions.  The  recommendations  for  actions  regarding  this 
contract  are: 

a.  Give  approval  for  Prof  Kuppermann  to  begin  the  work  on  H3. 

b.  Pass  along  suggestions  from  Dr  Berm  and  Dr  Stwalley  on  Prof 
Kuppermann' s  experimental  procedures. 

c.  Negotiate  a  modification  to  the  contract  to  suspend  the  H4 
work  and  place  an  option  to  continue  it  after  the  B3  work  has  been 
completed.  The  decision  to  continue  the  B4  work  will  be  based  on  the 
B3  work  and  the  B4  work  (theoretical  and  experimental)  being  done  by 
other  HEDH  contractors. 

d.  Negotiate  to  delete  the  purchase  of  an  additional  quadrupole 
mass  spectrometer  for  the  H3  work  (Dr  Berm  and  Dr  Stwalley  feel  the 
mass  spectrometer  used  in  the  original  B3  work  will  be  sufficient  for 


th«  proposed  H3  work). 


e.  Discuss  the  possibility  of  stretching  out  the  effort  to  ease 
the  budgetary  pressure  in  FY88. 

f.  Adjust  the  HEDM  FY88  budget  (Cluster  D-7)  to  reflect 
continuation  of  this  contract. 


valter  j.  Lauderdale,  lLt,  usaf 

Project  Manager 
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